ABSTRACT The distribution of cellular retinol-binding protein (CRBP) in rat liver, ileum, and epididymis was examined by the peroxidase-antiperoxidase immunolocalization technique. Positive cytoplasmic staining was seen in the liver when antiserum prepared against purified CRBP was used but not when antiserum absorbed with purified CRBP was used. Ileal mucosa, a tissue that contains no detectable CRBP, showed no positive staining. The epididymis showed strong positive staining in the caput but not in the cauda. Staining was present in principal and basal cells but not in peritubular or interstitial cells. Radioimmunoassay revealed that the CRBP within the caput epididymidis was localized in the initial segment and proximal region, areas known to be involved in the synthesis and secretion of factors necessary for sperm maturation. The results demonstrate that the expression of CRBP may vary within the same cell type, as well as between different cell types within the same tissue.
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Vitamin A is known to be essential for the support and differentiation of most epithelial tissues (1) . Although the mechanism of retinol (vitamin A alcohol) action is unknown, an increasing body of evidence suggests that its effects are mediated in part by cellular retinol-binding protein (CRBP) (2, 3) . CRBP is present in all retinol-sensitive tissues of the body but at widely varying levels (4) . In addition, the levels of CRBP within a tissue can change during perinatal development (5) and also with the induction of neoplasia (6) (7) (8) . This variation might be due to differing cellular levels of CRBP, differing populations of cells that contain CRBP, or both.
Previous attempts to examine this question have been by fractionation of the various cell types, followed by measurement of CRBP content through the ability to bind retinol (9) . This cannot be done for all tissues and is particularly ineffective for cell types of limited abundance. To overcome this, we have identified CRBP in intact tissue sections, using an immunohistochemical technique. We report here the immunolocalization of CRBP in several rat tissues known to contain high levels of CRBP. In addition, immunolocalization in one organ showed an unexpected cellular distribution of CRBP, which was verified both by retinol binding and by radioimmunoassay.
MATERIALS AND METHODS Preparation of CRBP. CRBP was purified from rat liver as described (10) .
Production and Detection of Antibodies. Specific antibodies to CRBP were raised in male New Zealand rabbits by methods described earlier (4) .
Radioimmunoassay of CRBP. Tissues were prepared and CRBP levels measured as described (4) . Liver, ileum, and epididymis were obtained from normal, chow-fed rats (Harlan Industries, Indianapolis, IN). The epididymis was dissected into its various regions, each of which was then assayed separately. Protein content was determined by the method of Lowry et al. (11) .
Immunolocalization of CRBP. The peroxidase-antiperoxidase (PAP) technique of Sternberger was used (12) . Rats were killed by decapitation, and tissues were removed and quick-frozen in OCT compound ( 
RESULTS
Liver was chosen as an initial tissue in which to attempt to immunolocalize CRBP by the PAP method, as it was the source for the purification of CRBP (10) . Liver has the highest reported level of CRBP as measured both by retinol binding and by radioimmunoassay (4) . Optimum staining was obtained by using frozen sections fixed in 95% ethanol. Fig. 1 shows the localization of CRBP in frozen sections of rat liver. Positive staining was granular and cytoplasmic; no nuclear staining was observed. Moreover, staining was homogeneous throughout the cytoplasm and not associated with any one organelle. No positive staining was detected when antiserum treated with CRBP was substituted for the primary antiserum (Fig. lb) . Likewise, substitution of anti-CRBP with normal rabbit serum gave no immunostaining (results not shown).
To establish the specificity of the staining, a tissue presumed to contain no CRBP was submitted to the same procedure. The mucosa of the ileum contains no detectable CRBP as determined by either a retinol-binding assay or radioimmunoassay (4) . As shown in Fig. 2 , the ileal mucosa showed no staining Abbreviations: CRBP, cellular retinol-binding protein; PAP, peroxidaseantiperoxidase.
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The publication costs of this article were defrayed in part by page charge payment. This article must therefore be hereby marked "advertisement" in accordance with 18 U.S.C. §1734 solely to indicate this fact. caput epididymidis showed strongly positive staining with antiserum directed against CRBP. Staining was exclusively cytoplasmic (Fig. 3 Inset) and appeared present in basal cells (arrow) as well as principal cells, but not in peritubular cells or the interstitium (Fig. 3a) . No staining was observed when antiserum pretreated with CRBP was used (Fig. 3b) . In contrast, sections from the cauda epididymidis showed little positive staining ( Fig. 3 c and d ), suggesting that it contains much lower levels of CRBP. Closer examination of the sections from the caput epididymidis revealed an uneven regional distribution of positive cells. A histologically distinct region consistently showed a higher level of staining than did the remainder of the sections. This prompted us to dissect the epididymis into various segments and determine the CRBP content of each by radioimmunoassay. As can be seen in Fig. 4 , the-initial segment b and proximal region c of the caput epididymidis contained high levels of CRBP, whereas the other parts of the epididymis were low in CRBP content. The levels in these segments were 10-to 200-fold higher than in any other region of the epididymis. Calculation of the CRBP levels based on protein content rather than tissue weight did not change the results. Most interesting is the >20-fold difference seen between the proximal and distal caput, regions difficult to distinguish morphologically (13 (5) . Even more dramatic changes are observed in certain types of experimental and human tumors. These include a 20-fold increase in CRBP content in chemically induced rat colorectal adenocarcinomas (6) and a similar but less dramatic change in papillomas induced on the skin of mice by dimethylbenz[a]anthracene (7) . In addition, CRBP levels are increased significantly in human epidermoid carcinoma as compared to adjacent, grossly normal tissue (8) . The cause of such changes may be altered expression of CRBP within one cell type. A second possibility is that CRBP is distributed unequally among different cell types of a particular tissue. Then developmental or carcinogen-induced increases may be due to the proliferation and resulting relative increase of a specific cell type high in CRBP. To examine these two possibilities, the distribution of CRBP in rat liver and epididymis was examined by both immunolocalization and radioimmunoassay.
The immunolocalization of CRBP in liver showed essentially an even distribution of staining in all sections examined, suggesting that CRBP is expressed similarly throughout the liver. The cytoplasmic localization of CRBP is consistent with the initial discovery of the protein in cytosol preparations (15) . The lack of nuclear staining was not unexpected. Although CRBP delivers retinol to specific binding sites within the liver nucleus, it does not itself remain bound (16) . Radioimmunoassay of subcellular fractions has confirmed that CRBP exists predominantly in the cytoplasm (17).
Cell Biology: Porter et al. 6Proc . Natl. Acad. Sci. USA 80 (1983) The epididymis also showed cytoplasmic staining identical to that seen in the liver, but the pattern of staining was not homogeneous throughout the organ. Immunolocalization demonstrated that only the epithelial cells and not the peritubular or interstitial cells contained detectable CRBP. Thus, CRBP clearly showed a cell-specific distribution within the tissue. In addition, immunolocalization suggested that the level of CRBP was higher in the epithelial cells of the caput than in the cauda epididymidis and even differed regionally within the caput itself. This was confirmed by radioimmunoassay of cytosols prepared from dissected segments. A large difference in CRBP levels was observed between the proximal and distal caput epididymidis. The principal cells from these regions are similar morphologically (13) . The results suggest that the expression of CRBP can vary dramatically within the same cell type as well as between different cell types within the same tissue. Therefore, both of these possible causes for differing CRBP levels must be considered in comparing different tissues. In addition, both represent possible mechanisms for the alterations of CRBP content seen in perinatal development and neoplasia.
The epididymis plays an essential role in the process of sperm maturation, as acquisition-of the ability to fertilize an ovum occurs during transit of spermatozoa through the organ (for review see refs. 18 and 19) . In the rat, maturation is complete by the time spermatozoa have reached the cauda epididymidis, where they are stored (18) . Thus, the major morphological and physiological changes that spermatozoa undergo take place in the caput and corpus epididymidis. Considerable glycoprotein synthesis and secretion, essential for this process, occurs in the caput epididymidis (20) (21) (22) (23) (24) . The correlation between such activity and the highly specific localization of CRBP reported here raises the possibility that retinol plays some role in this process.
It has been suggested that one function of retinol is to act as a cofactor in the glycosylation of glycoproteins (25) . In the mouse epididymis, the incorporation of labeled mannose, galactose, and fucose has been shown to be highest in the regions distal to the proximal caput (26, 27) (28) . The molecular mechanisms for these two apparently separate roles of retinol are not known, but a review of previous studies in combination with the results presented here raises an interesting possibility.
First, retinol has been shown to influence RNA metabolism in a number of tissues (29) (30) (31) . Alterations in genomic expression of vitamin A-deficient rat testis occur 1 hr after refeeding retinol (32) . This rapid response suggests that the effects of retinol are independent of cell replication and, therefore, probably would occur at the level of transcription or processing of specific mRNAs. These effects may be mediated by CRBP, which is capable of delivering retinol to specific binding sites within the nucleus (33) . Second, it has been shown that in the mouse epididymis, incorporation of [3H]uridine is highest in the initial segment of the caput epididymidis and decreases rapidly the more distal the segment examined (34) . This activity coincides with the localization of CRBP reported here. Finally, the liver, a transcriptionally active tissue, has one of the highest levels of CRBP of any organ (4) . The evidence developed here invites the suggestion that one of the major functions of CRBP, and thus retinol, is maintaining the high rates of genomic expression that occur in some fully differentiated cells. The mechanism of retinol action in differentiated cells and its exact role in the process of cellular differentiation remain to be established.
